Introduction
The selective installation of boryl (-BX 2 ) units into organic molecules is an important capability in contemporary chemical synthesis. The resultant C-B bonds provide a straightforward means to introduce further functionality, either through oxidation or their use in catalytic C-C bond formation through the application of Suzuki-Miyaura protocols. [1] [2] [3] Boryl moieties are conventionally transferred to an organic substrate by a variety of routes (e.g. alkene hydroboration) which are reliant upon the Lewis acidic and electrophilic behaviour of the electropositive boron centre in reaction with an organic nucleophile. Although boryl ligands can be generated by oxidative addition of B-X (B = H, B or halide) bonds to transition metals, 2, 4 Yamashita and Nozaki's seminal report of the lithium boryl, [{HCN(Dipp)} 2 BLi(DME)] (1, Dipp = 2,6-di-isopropylphenyl, DME = dimethoxyethane, Scheme 1) was widely recognised as the first true boron-centred nucleophile. 5, 6 The isolation of compound 1 requires strongly reducing and inconvenient reaction conditions, however, and its isolation is also crucially dependent on the high degree of kinetic stabilisation provided by sterically demanding substituents about the boron centre. While compound 1 has since been shown to display broad applicability in boron-to-element bond forming reactions with a palette of organic and metal-centred electrophiles, [7] [8] [9] [10] [11] [12] [13] [14] [15] this latter structural feature dictates that some of these transformations display only limited specificity.
Reactions of compound 1 with organohalides, RX (X = Cl, Br), for example, not only provide the expected products of nucleophilic substitution, [{HCN(Dipp)} 2 B-R], but also suffer from competitive halogen abstraction to give [{HCN(Dipp)} 2 B-X]. 16, 17 While a wide variety of alternative boron-centred nucleophiles have been described since the report of 1, 18-36 a majority of routes to these species still require an alkali metal reduction step. With these issues in mind, we have recently reported that terminal magnesium boryl species may be easily generated by heterolysis of the B-B bond of commercially available bis( pincolato)diborane (B 2 pin 2 ) within the coordination sphere of a β-diketiminato magnesium derivative (Scheme 1). 
Results and discussion
The molecular magnesium hydride [(BDI)MgH] 2 (6) has played a central role in our development of a suite of catalytic bond activation processes. 42, 43 We, thus, carried out the reaction of compound 6 with B 2 pin 2 . Although the reaction performed in d 8 -toluene required brief heating to ensure the formation of a homogeneous solution, inspection of the resultant 1 H and 13 C { 1 H} NMR spectra revealed the emergence of two new sets of β-diketiminate ligand environments, which had been formed in a strict 1 : 1 ratio by relative integration. Although the corresponding 11 B{ 1 H} NMR spectrum was broad and uninformative, the origin of these observations was resolved through the isolation of single crystals from the reaction solution. The resultant X-ray diffraction analysis revealed that compound 7 is the result of formal addition of both hydrides of the dimeric magnesium reagent (6) to a single boron centre within B 2 pin 2 ( Fig. 1 ). This process ensues with retention of the B-B bond and ring opening of one of the pinacolato boron heterocycles through rupture of the B2-O4 bond. The resultant diborane(5) anion bridges unsymmetrically between the two magnesium centres of the dimer, with consequent disruption of the C 2v symmetry of the hydride precursor (6) that was apparent in the NMR spectra of 7. The new diborane anion coordinates to Mg1 through O1 and O3, which remain bound to B1 and B2, respectively, and to Mg2 via coordination by the now formal alkoxide donor O4 and μ 2 -BH 2 -Mg bridging interactions. Although the specific constitution of this diborane anion is unprecedented, the B1-B2 distance [1.713(2) Å] is closely comparable to the similar linkages within previously reported B(sp 2 )-B(sp 3 ) bonded compounds. 41, 44 We suggest that the B-O bond activation observed in the synthesis of compound 7 is a possible consequence of the initial dimeric structure of the hydride derivative 6. With this in mind, we returned our attention to the mononuclear magnesium n-butyl reagent, 2, to further investigate the generality of the synthetic approach illustrated for B 2 pin 2 in Scheme 1. Reaction of an equimolar quantity of 2 with the alternative, but still commercially available, diborane reagent 4,4,4′,4′,6,6′- hexamethyl-2,2′-bi(1,3,2-dioxaborinane) (B 2 hex 2 ) provided the colourless compound 8 after work-up in high (>90%) yield (Scheme 2). Although the 1 H and 13 C{ 1 H} NMR spectra of 8
were complex, the corresponding 11 B{ 1 H} NMR spectrum was reminiscent of that observed for compound 3 in comprising two broad resonances at δ 30.5 and 4.0 ppm, consistent with the presence of three-and four-coordinate boron, respectively. This supposition was confirmed through the isolation of single crystals suitable for X-ray diffraction analysis, the results of which are illustrated in Fig. 2(a) . The solid state structure confirmed that 8 is an analogue of compound 3 in which one of the boron centres (labelled as B2) has been quaternised by addition of an n-butyl group. The resultant anion coordinates to the 4-coordinate magnesium through O1 and O3, which are adjacent to the less sterically congested chiral monomethylsubstituted (C31 and C37) glycolato carbon atoms. The carbon centres of each glycolato chain were seen to exhibit disorder in a 55 : 45 ratio. Although the solution structure of compound 8 was not investigated any further, on this basis, we ascribe the complexity of the 1 H and 13 C NMR spectra of 8 to the persistence of several possible diastereomers in solution, arising from use of the racemic B 2 hex 2 reagent. Monitoring by 1 H and 11 B NMR spectroscopy of a sample of compound 8 treated with DMAP evidenced the generation of a single new β-diketiminato magnesium complex (9) and the elimination of the organoborane n-BuB(hex) (δ 11 B = 34.2 ppm).
Although the 11 B{ 1 H} NMR spectrum was otherwise broad and uninformative, the constitution of compound 9 as a magnesium derivative of a terminal [(hex)B] − anion was confirmed through the isolation of single crystals from n-hexane solution at −35°C. The structure of compound 9, shown in Fig. 2(b) , is comparable to that of 5 and confirms the generality of the straightforward magnesium-centred B-B activation for the synthesis of terminally bound boryl anions. Like 5, compound 9 is a four-coordinate magnesium derivative with three of the magnesium to ligand contacts provided by the nitrogen atoms of the β-diketiminate ligand and a single unidentate DMAP ligand and with the final coordination site occupied by the sp 2 boron donor. The Mg1-B1 distance Although a complete study of the behaviour of compounds 8 and 9 towards organic electrophiles will be described elsewhere, these structural and spectroscopic observations suggest the reactivity of both compounds should be comparable to those of the previously reported derivatives, 3 and 5. The facile reaction of compound 3 with B 2 pin 2 to provide the triboron anion of compound 4 prompted us to assess the generality of this reaction to provide unusual homocatenated triboron species. Accordingly, toluene solutions of compound 3 were treated with equimolar quantities of B 2 hex 2 and 5,5,5′,5′-tetramethyl-2,2′-bi(1,3,2-dioxaborinane) (B 2 neo 2 ), respectively (Scheme 3). Examination of the resultant 1 H NMR spectra after 2 hours at 40°C evidenced, in both cases, the formation of two new β-diketiminato magnesium complexes, compounds 10 and 11. Both of the corresponding 11 B{ 1 H} NMR spectra were also observed to contain resonances at δ 34.2 ppm, consistent with elimination of n-BuBpin, which appeared alongside further broad signals ca. δ 30 and 1 ppm. These latter signals are reminiscent of the 11 B resonances arising from compound 4 and, taken together, these data strongly imply the formation of similar homocatenated triborane anions. These deductions were corroborated by single crystal X-ray diffraction analysis, which was performed on crystals of compounds 10 and 11 isolated, in both cases, from concentrated n-hexane solutions. Fig. 3(a) and (b) show the structures of both compounds, which are derivatives of catenated triboron anions, analogous to that observed previously in compound 4. 
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The isolation of both compounds 10 and 11 apparently ensues with the simultaneous elimination of n-BuBpin from compound 3. Although this observation implies that the diborane insertion reactions take place with exclusive displacement of the pre-quaternised boron centre and retention of the B-B bond of the subsequent diborane reagent employed, a further reaction indicated that this reactivity is also prone to redistribution of the σ-bonded boron centres. A reaction of compound 8 with B 2 pin 2 was performed under identical conditions to those employed in the synthesis of compounds 10 and 11. Initial inspection of the resultant 1 H and 11 B NMR spectra indicated the generation of a single reaction product (12) , which was anticipated to be the result of formal n-BuB(hex) elimination to form a magnesium complex of the catenated [ pinB(Bpin)B(hex)] − anion. Work up and crystallisation of compound 12, however, revealed that this process had produced an isomeric form of the anticipated triborane anion (Scheme 4). The resultant single crystal X-ray analysis (Fig. 4 ) identified a triboron anion in which the central sp 3 boron centre is provided by a {B(hex)} moiety rather than through retention of the entire {B 2 pin 2 } unit. Although it has not been possible to determine whether this apparent cross metathesis process occurs during or subsequent to the displacement of the n-Bu(hex) by-product, we suggest that the ultimate structure adopted by 12 may be dictated by kinetic factors and the Scheme 3 Synthesis of compounds 10 and 11. Fig. 3 ORTEP representation of (a) compound 10 and (b) compound 11 (25% probability ellipsoids). Isopropyl methyl groups are removed for clarity. Selected bond lengths (Å) and angles (°): (10) Mg1-O1 lower steric demands of the monomethyl substitution of C31, which is adjacent to the {B(hex)} oxygen donor (O1) to the magnesium centre.
Conclusions
The synthesis of compound 7, in which a B-O bond of B 2 pin 2 is cleaved with retention of the B-B bond, implies that the nuclearity of the [(BDI)MgH] 2 reagent has a direct influence over the mode of activation of the diborane. In contrast, the reactivity of [(BDI)Mg(n-Bu)] with B 2 hex 2 follows an analogous path to that observed with B 2 pin 2 , as does the outcome of treatment of the resultant mono-quaternised diborane(5) anion with DMAP. This latter process provides a terminal magnesium boryl species through displacement of the alkylborane and confirms the generality of this strategy for the facile heterolytic activation of the B-B single bonds of commercially available diboranes. In a similar manner, reaction of the previously reported pinacolatodiborane(5) derivative (3) with B 2 hex 2 and B 2 neo 2 also induces displacement of n-BuBpin and formation of unusual and unsymmetrical catena-triborane (6) anions in which the B-B bond of the externally added diborane reagents are retained. In contrast, although treatment of compound 8, derived by quaternisation of B 2 hex 2 , prompts the anticipated n-BuB(hex) elimination, the resultant product comprises the triborane(5) anion in which the two pinacolatoboron units are bonded to the four-coordinate boron of the remaining {B(hex)} moiety. Although no experimental corroboration could be obtained, this observation is tentatively ascribed to the relative steric demands of the boron-bound pinacolato and glycolato chelates and suggests that these species are prone to B-B exchange equilibria in which the ultimate product is determined by kinetic factors. The significance of these observations will become apparent during the future elaboration of this chemistry and our further studies of the onward reactivity of these readily available sources of nucleophilic boron with a range of organic and inorganic electrophiles.
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